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In t roduc t ion  

Synchronous d i r e c t i o n a l  observat ions of a r t i f i c i a l  e a r t h  sa te l l i t es ,  

made by two o r  more e a r t h  s t a t i o n s ,  t he  p o s i t i o n  of which i s  known i n  one 

coord ina te  system, g ives  a p o s s i b i l i t y  i n  determining t h e  sa te l l i t e ' s  pos i -  

t i o n  i n  t h a t  same system of coord ina te s .  I n  t h e  nea r  f u t u r e  t h e r e  w i l l  

e n t e r  another  a l t e r n a t e  method of complete determinat ion of s a t e l l i t e  

' p o s i t i o n  with t h e  a i d  o f  observat ions of only one p o i n t ,  t h i s  w i l l  go i n t o  

o p e r a t i o n  when t h e  techniques of simultaneous d i r e c t i o n a l  determinat ion of 

t h e  s a t e l l i t e  i n  t h e  measurements of d i s t a n c e s  t o  i t  by new l i g h t  measuring 

methods w i t h  t h e  a i d  of lasers i s  achieved and developed, For t h e  p re sen t ,  

. only t h e  r e s u l t s  of  t h e  f i r s t  method w i l l  be  used. 

I, Purpose. Recently,  t h e  Smithsonian Astrophysical  Observatory i n  t h e  

United States/SAO/ published a f i r s t  c a t a l o g  (l), containing d a t a  of 

synchronous photograph observat ions of  several sa te l l i t es  achieved by a 

series of p o i n t s  of a known SA0 network, w i th  t h e  a i d  of Baker-Nunn 

photographic cameras. For c e r t a i n  geodesic problems, t h e r e  i s  s i g n i f i c a n t  

importance a t t a c h e d  t o  t h e  obse rva t ion  o rde r s  which g ive  a series of pos i -  

t i o n s  of  t h e  sa te l l i t e  i n  t h e  s i g n i f i c a n t  p o r t i o n  of  i t s  geocen t r i c  arc, 

as a "chain" of i t s  subsequent p o s i t i o n s .  

t h e  a u t h o r  has i n  mind t h e  u t i l i z a t i o n  of similar "chains" f o r  t h e  p o s i t i o n  

determinat ion o f  t h e  mass c e n t e r  of  t h e  e a r t h  which plays a n  important r o l e  

i n  t h e  s o l u t i o n  of b a s i c  problems of  h ighe r  geodesy; t h a t  of t h e  establ ishment  

I n  p a r t i c u l a r ,  i n  t h i s  work, 
.v- ..- 

of a s i n g l e  geocen t r i c  system o f  coord ina te s  of  e a r t h  s t a t i o n s .  

determining of methods t h e  mass-center of t h e  e a r t h  u t i l i z e s  such 

P r i n c i p l e  

of s a t e l l i t e  p o s i t i o n s  and t h e s e  are presented by t h e  au tho r  i n  work (2).  



This method may be  named by a c o n d i t i o n a l  manner ,la geometric one" 

and independent i n  t h e  absence of implementation a t  t h e  p re sen t  t i m e  of  a 

dynamic one. 

q u a n t i t y  of non-synchronous observat ions as elements of observed satell i tes 

and a l s o  parameters of t h e  g r a v i t a t i o n a l  p o l e  of t h e  e a r t h  and t h e  geocen- 

t r i c  coordinates  of obse rva t ion  p o i n t s ,  This b r ings  us  t o  a problem wi th  

somewhat l a r g e  q u a n t i t i e s  of unknowns. 

SA0 works which was  e s t a b l i s h e d  by t h e  so-cal led "Standard Earth"  (3) and 

produced q u i t e  va luab le  r e s u l t s ,  however, t h i s  was conducted us ing  a n  

enormous amount of observat ions.  

This method c o n s i s t s  of a simultaneous d e r i v a t i o n  from a l a r g e  

This method was implemented i n  t h e  

The above mentioned "geometrical method" b a s i c a l l y  d i f f e r s  from it 

and can serve as an independent,  c o n t r o l  method us ing  t h e  r e s u l t s  obtained 

previously,  which can then serve as f a c t o r s  t o  inc rease  t h e  r e l i a b i l i t y  of 

t h e  des i r ed  values .  However, f o r  a complete u t i l i z a t i o n  of t h e  "geometrical 

method" i t  follows t o  have "chains" of s a t e l l i t e  p o s i t i o n s  on s u f f i c i e n t l y  

l a r g e  geocen t r i c  arcs o f  t h e i r  o r b i t s  and a l s o  f o r  s a t e l l i t e s  with var ious 

values  of d e c l i n a t i o n s .  This n a t u r a l l y  r e q u i r e s  s p e c i a l  o rgan iza t iona l  

observat ions,  as i n  t h e  d i s t r i b u t i o n  of  t h e  obse rva t ion  states, coordinates  

of which should be known i n  a s i n g l e ,  geodesic/quasi-geocentric/coordinate 

system and a l s o  i n  r e l a t i o n  t o  the parameters of o r b i t s  of such sa te l l i t es ,  .- 

t h e  obse rva t ion  of which is  designated f o r  such t a sks .  

t i m e ,  no goa l  was se t  i n  t h i s  d i r e c t i o n  and t h e r e  i s  i n s u f f i c i e n t  d a t a  f o r  

a complete deduction of  t h e  d e s i r e d  q u a n t i t i e s  of  t h i s  method. 

Up u n t i l  t h e  p r e s e n t  

The p resen t  work has  a goal  s e l e c t e d  from t h e  aforementioned SA0 

c a t a l o g  of  a s u f f i c i e n t l y  lengthy ''chain" o f  obse rva t ion  which can develop 

a s u i t a b l e  method of p rocess ing  t h e  observed d a t a  and demonstrate t h a t  
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one similar %hains" g ives  as p a r t  of  t h i s  r equ i r ed  d a t a  which would 

complete t h e  s o l u t i o n  o f  t h i s  given problem., 

2, I n i t i a l  d a t a ,  A series was s e l e c t e d  from 66 satel l i te  p o s i t i o n s  

1961 

determined on October 29, 1963 on a geocen t r i c  arc approximately 57' w i t h  

t h e  a i d  of synchronous s a t e l l i t e  observat ions wi th  4 SA0 s t a t i o n s / T a b l e  I/ 

containing Baker-Nunn ins t rumen t s6  

Midas 4, i * 96O, T = 166M, e = 0.01, H = 3.5 thousands km/, 

Figure  1 
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Table 1 

Coordinates of Observation S t a t i o n s  

The s t a t i o n  d i s t r i b u t i o n  and the observed s u b - s a t e l l i t e  p o i n t s  are 

shown i n  the  diagram of Figure 1, 

The 28 sa te l l i t e  p o s i t i o n s  are determined wi th  t h e  a i d  of synchronous 

observat ions from two s t a t i o n s ,  t h e  remaining 38 p o s i t i o n s  from t h r e e  sta- 

t i o n s .  (See t a b l e  2,) The obse rva t ion  commenced wi th  two more sou the r ly  

s t a t i o n s  9007 and 9009 approximately 1.5 hours be fo re  s u n r i s e ,  when t h e  

s a t e l l i t e  was  i n  t h e  southern hemisphere and w e l l - l i t  by t h e  r ays  of t h e  

sun. The observat ion was  terminated a f t e r  26.5 m i n s .  when t h e  most 

n o r t h e r l y  s t a t i o n  9001 recorded a t i m e  of approximately 2:OO a.m. The 

e n t i r e  series of s a t e l l i t e  observat ion c o n s i s t s  of 7 s e p a r a t e  series, t h e  ^I 

d u r a t i o n  o f  which i s  from 0.9 m t o  1.5 m and con ta in ing  8 - 12 satel l i te  

p o s i t i o n s ,  The a l t i t u d e  of t h e  s a t e l l i t e  over t h e  s u r f a c e  of t h e  e a r t h  

changed i n  ranges of  5510-3540 km, t h e  topocen t r i c  d i s t a n c e  t o  t h e  

sa te l l i t e  from t h e  s t a t i o n  va r i ed  In ranges of 3520-5510 km. 

3 .  S t a t i o n  Coordinates. I n  t h e  examined problem; t h e  s t a t i o n  coord ina te s  

must be known i n  a s i n g l e  quasi-geocentr ic  s y s t e h  which must be s t r i c t l y  



p a r a l l e l  t o  t h e  geocen t r i c  system, t h a t  i s ,  t h e  p o s s i b l e  d e c l i n a t i o n  of 

t h e  system must be p rev ious ly  determined and c a l c u l a t e d  by i t s  corresponding 

manner. With t h i s  goa l  i n  mind, one can t ake  t h e  North American NAD system 

wi th  c o r r e c t i o n s  f o r  d e c l i n a t i o n  determined i n  work ( 4 ) .  However, t h e  NAD 

system has l imi t ed  d i s t r i b u t i o n  on t h e  e a r t h ' s  s u r f a c e  which does no t  

g ive  obse rva t iona l  p o s s i b i l i t i e s  i n  t h i s  system of sa tel l i tes  w i t h  long 

: ,  

and va r ious  o r b i t a l  arcs.  This i s  why a system of coordinates  w a s  s e l e c t e d ,  

i n  which t h e  llchain" of SA0 s t a t i o n s  w a s  determined, which girded t h e  e n t i r e  

globe i n  t h e  e q u a t o r i a l  zone and was g r a d u a l l y  supplemented wi th  p o i n t s  i n  

higher  l a t i t u d e s .  The s t a t i o n  coordinates  i n  t h i s  system, as p a r t  of a so- 

c a l l e d  STANDARD EARTH, are presented i n  work (5). 

f o r  t h e  a n a l y s i s .  Even though t h i s  system, which u t i l i z e s  t h e  methods of  

i t s  determinat ion,  by concept should maximally approximate the  geocen t r i c  

system, however, f o r  tfie gene ra l  d e s c r i p t i o n  of t h e  methods t h e  inves t iga -  

t i o n  of i t s  d e c l i n a t i o n  was accomplished, This w a s  done by a method shown 

The S5 system was u t i l i z e d  

r i n  work (4) .  With t h i s  goa l ,  r e s u l t s  were u t i l i z e d  determining t h e  abso- 

l u t e  d i r e c t i o n  i n  a n  e a r t h  geocen t r i c  system with coordinates  of  19 chords 

between 10 po in t s  (Area l - - t h e  A t l a n t i c ,  America, P a c i f i c  Ocean, which i s  

presented i n  work 6 ) .  I n t o  t h e  number of t h e s e  10 p o i n t s  are included f o u r  

s t a t i o n s  shown i n  Table 1, From 38 corresponding adjustments t h e  fol lowing rc- a* 

q u a n t i t i e s  were obtained f o r  ang le s  9 9 I c h a r a c t e r i z i n g  t h e  

d e s i r e d  d e c l i n a t i o n  of  t h e  S5 system. 
. .  . 

* % a, + 0222 5 OT76 /J m + OV46 0255 1 = OF21 ~0?59 /I/ 
1 _. . . .. . , . .-. . - . . . . 

Since i n  t h e  r e s u l t s  were obtained very s l i g h t  values of  angles  9 

, and bes ides ,  i n  t h e  l i m i t s  of con t ingen t  e r r o r s  o f  t h e i r  determina- 

t i o n ,  it was then p o s s i b l e  t o  c a l c u l a t e  t h i s  w i t h  s u f f i c i e n t  accuracy w i t h  
1 
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a p o s s i b l e  s l i g h t  d e c l i n a t i o n  of  t h e  system and t o  use these  coord ina te s  

which i n t e r e s t e d  us ,  i n  p o i n t s  of t h e  ind ica t ed  S5 system. These coordi-  

n a t e s ,  designated as xo, yo$ zo,  are given i n  an average e a r t h  geocen t r i c  

system, which t h e  Z 

f o r  t h e  period 1900.0 t o  1905.0 where plane X 2 i s  i n c l i n e d  t o  t h e  east 

a t  a n  ang le  a =  77O55194" from t h e  average plane of  t h e  astronomical  

meridian of t h e  U. S.  Naval Observatory i n  Washington 

a x i s  is d i r e c t e d  by t h e  average axis of  e a r t h  r o t a t i o n  
0 

0 0  

- 
= 38°55'1411/, 

t h a t  i s ,  t h e  planes t r a v e r s i n g  through t h e  d i r e c t i o n  of  t h e  perpendicular  

l i n e  of t h i s  observatory and p a r a l l e l  t o  t h e  average a x i s  of  e a r t h  r o t a t i o n  

(7) wh i l e  a x i s  Yo is  d i r e c t e d  90' t o  t h e  w e s t  
x/ 

from t h e  Xo axis. 

Since t h e  u t i l i z e d  observat ions of Midas 4 were completed i n  October 

o f  1963, t hen  t h e  coordinates  of t h e s e  obse rva t ion  po in t s  x, y, z were 

c a l c u l a t e d  i n  a multivenous e a r t h  geocen t r i c  system corresponding t o  t h e  

p o l a r  p o s i t i o n  i n  t h e  ind ica t ed  epoch. 
xx/ 

They are c a l c u l a t e d  by formula 
" _  ~ . -  

I / r  y 1J 9 /x0 Y , ' ~ ~ J  - @, /2/ 
._ _., - . .. _-. - 

h e r e  and i n  f u r t h e r  r e fe rence  t h e  ma t r ix  are taken i n t o  cons ide ra t ion  

-.- - - -  . _I_ -. - 

x/ 
t e m ,  t h a t  i s  t h e  y axis i s  d i r e c t e d  a t  90' t o  t h e  west from west a x i s .  
f o r e  t h e  coordinate  s i g n s  of y ind ica t ed  i n  t h e  SA0 works, where t h e  r i g h t  
system i s  u t i l i z e d  they are changed i n  a reverse manner. What concerns t h e  
s te l lar  systems, which i s  pointed o u t  later,  in t h i s  work, t h e  r i g h t  system 
i s  used. 
xx/ 

For e a r t h  coord ina te s  of a x i s ,  taken i n t o  cons ide ra t ion  are t h e  l e f t  sys-  
There- 

Here and i n  subsequent i n d i c a t i o n s  are presented records of  matrix products.  
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i s  t h e  component of t h e  po la r  t r a n s f e r  of t h e  z X plane 
0 0  

t o  t h e  south 

i s  t h e  component 

t h e  west 

i s  the  longi tude 

of t h e  po la r  t r a n s f e r  perpendicular  t o  t o  

ra9 

of t h e  b a s i c  observatory ( l a t i t u d e  

t h e  west from plane  Zo Xo, 

U t i l i z i n g  t h e  po la r  r o t a t i o n  graph presented i n  work (7) f o r  29 

October 1963 we o b t a i n  

ssl. 

Taking i n t o  cons ide ra t ion  t h e  values  

w e  o b t a i n  

(g = 38°55'141t and o= 77°03'5611, 

- 
A.64 x 3 0 9  

* .  I .  I ' -7aM x IO4 (5 1 L. - 1  I 

. I  
_- 

,#+ x a: 7,07 ~b: IO-e'- ' 

I 

- ---- _I ._ - - -~ -- - I .  _ _  __ - 
6 

The r e s u l t s  as a sce r t a ined  by formula 2 we obtained coord ina tes  of x, y,  z 

of four  observa t ion  s t a t i o n s  presented i n  Table 1 i n  a multivenous earth 

geocent r ic  system i n  t h e  epoch of observa t ions  on 29 October 1963, 

4. Prel iminary process ing  e- of t h e  observat ions.  In  ca t a log  (1) f o r  moments 

expressed i n  atomic t i m e  A l ,  coord ina tes  of are given concerning 

d i r e c t i o n s  of t he  "satellite observer" i n  a s te l la r  coord ina te  system relat- 

ing  t o  t h e  equator  and t o  t h e  e c l i p t i c a l  epoch of 1950.0, I n  t h e s e  quant i -  

t ies ,  reduct ions f o r  d i u r n a l  a b e r r a t i o n s  are made inc luding  t h e  p a r a l l e c t i c  
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r e f r a c t i o n  and t h e  v e l o c i t y  of l i g h t ,  

synchronous s a t e l l i t e  observat ions w i t h  s e v e r a l  s t a t i o n s  d i f f e r  one from 

ano the r  no more than by f o u r  seconds. The f i rs t  problem of t h i s  process  

was i n  t h e  reduct ion o f  t h e  ind ica t ed  va lues  

moments. I n  a l l  cases it  was p o s s i b l e  t o  achieve t h i s  w i th  t h e  aid of 

l i n e a r  i n t e r p o l a t i o n ,  

The ind ica t ed  moments of  quasi-  

t o  s t r i c t  synchronous 

By t h e  obtained va lues ,  t h e  d i r e c t i n g  cosigns were c a l c u l a t e d  i n  

t h i s  manner 

/ 

' (6) x0 111 COSSCOSOC,  ni = c o e G e i n ~ ,  p, sin& , 
.- - - 

.-- . 

of t h e  t o p o c e n t r i c a l  d i r e c t i o n s  t o  t h e  s a t e l l i t e  i n  a s te l lar  geocen t r i c  

system of coordinates  f o r  t h e  1950.0 epoch. I n  t h i s  system, t h e  'z aftirs 
0 

was d i r e c t e d  toward po le  and t h e  go axis i n  a p o i n t  t o  t h e  

of t h e  given epoch, wh i l e  t h e  y a x i s  a t  90' t o  t h e  - East. 

moments A I  and t h e  obtained value I are presented i n  Table 

2, 4 ,  5, 6. 

0 

Vernal Equinox 

The synchronous 

2* i n  columns 

A later problem cons i s t ed  of  t h e  u t i l i z a t i o n  of  quan t i ty  6 ,  t h a t  is, 

t o  c a l c u l a t e  t he  d i r e c t i n g  cosigns m, n, and p i n  topocen t r i c  d i r e c t i o n s  

t o  t h e  sa te l l i t e  i n  r e l a t i o n  t o  t h e  e a r t h  geocen t r i c  coord ina te  systems f o r  

t h e  observed epoch of 29 October 1963. I n  Tables 1 and 2 are shown t h e  

coordinate  p o i n t s  o f  t h e  obse rva t ion  s t a t i o n s .  This i s  a n  equ iva len t ,  t u r n  

i n  accordance t o  t h e  p r e s e s s i o n  in f luence  and n u t a t i o n  of t h e  s te l la r  system 

1950.0 around t h e  beginning coord ina te  t o  t h e  epoch of  29 October 1963, Then 

a t u r n  about t h e  p o l a r  axis t o  t h e  east a t  a n g l e  S equal  t o  t h e  s te l lar  

* See end of a r t ic le  
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Greenwich t i m e  i n  t h e  moment of observa t ion  and f i n a l l y  t o  t h e  change of  

d i r e c t i o n  of t h e  y a x i s  t o  t h e  reverse*** 

Conforming c a l c u l a t i o n s  f o r  each of t he  170 observa t ions  were completed 

where /m n p/ - 
/ monoPo/" 

is  the  l i n e  ma t r ix  of t h e  des i r ed  q u a n t i t i e s  

is  t h e  l i n e  ma t r ix  of q u a n t i t i e s  6 

P - is the  square  matrix of  precess ion  

- - -  

N - is the  square  ma t r ix  of n u t a t i o n  

S - i s  t h e  square  symmetrical matrix of stellar t i m e .  

J are determined from t h e  fol lowing express ion  

- -  
I 

I 

(9) z 233104952t + I!'095 x r e t 2  + 0:'018 x 10"6t3 

i,e 23!'04952t + 0!!302 x IO t 4 0!'018 x Ion6$ 
4 3  

$ I t =  20?W59t  - 031427 x IO4%.* *p 0?042 x IO t , 
- 4 2  ' ' 

* ,  

, 
- - -  - _j_ 

e .  ___ _ _  _- -1 ~- - 

where t is  expressed i n  t r o p i c a l  years  from 1950.0. Expression (9) is  

obtained from b a s i c  formulas f o r  t h e  precess ion  c a l c u l a t i o n s  taken from 

, +  ' 

** According t o  e s t a b l i s h e d  agreement t h a t  i n  t h e  e a r t h ' s  system t h e  Y axis 
goes t o  t h e  West from t h e  X axis whi le  i n  t h e  s te l lar  system i n  t h e  East - 
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Andoie by Newcomb's d a t a  (8, page 262). 

of  sa te l l i t e  Midas 4, f o r  29 October 1963 we obtained 

For t h e  average observa t ion  mouient 

.. . . . . . .  ..- _ I  

With t h e s e  values  of t he  precess ion  matr ix ,  we o b t a i n  t h e  fol lowing values  

. .. . . . . . . . . . . . . . .  . . . . . .  

The n u t a t i o n  matrix N has form (appendix 3) 

I 

where , d e c l i n a t i o n  of t h e  average equated t o  t h e  e c l i p t i c  

+ is  t h e  d e c l i n a t i o n  of t h e  t r u e  equator  t o  the  - - 
0 

e c l i p t i c  

i s  a d e c l i n a t i o n  n u t a t i o n  (long per iod  + s h o r t  per iod)  

i s  thB n u t a t i o n  i n  t h e  longi tude.  
h 

For t h e  average observa t ion  moment of 29 October 1963 To = 8.7 from 

t h e  Annual Astronomical B u l l e t i n s  USSR f o r  1963 we ob ta in  

. & a  23'26'389366 4 

E e 23'26936t245 I '  

! dym '* 18'!092 
_ _ .  -. ---- - 8 ~ _ .  

.... I . . . . . .  .... . .  . .  
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With these  va lues ,  t he  no ta t ion  mat r ix  ob ta ins  the  fol lowing va lue  

Matrices P and N remain p r a c t i c a l l y  unchanged during t h e  i n t e r v a l  

per iod of t h e  obse rva t iona l  processes ,  t he re fo re  the  fol lowing s i n g l e  

matrix w a s  u t i l i z e d  equal  t o  i t s  product,  wi th  elements t o  10 according . -a 

. t o  t h e  accuracy of t he  s t a t i o n  coord ina tes  shown i n  formula 15 

- .  
', 0.00800945 ' 0.00130338 1 t /. 0.99999462 

(15) , '  
b 

-0.003oO94.b I 0,99999547 . d e  00001225 

X I  
The mat r ix  of  s te l la r  t i m e  S has the  fol lowing symmetrical form 

cos3 , sin3 0 I 

Bins - c o s S '  Q 

I 0 0 1 

t 

* 5 (16) 

-Where S is  t h e  t r u e  s te l lar  Greenwich time i n  t h e  moment of  each * 

synchronous observa t ion ,  which w a s  s e l e c t e d  from t h e  Annual Astronomical 

B u l l e t i n  USSR f o r  1963 by t h e  argument of u n i v e r s a l  time. For t h i s ,  

d i f f e r e n c e  AI - UT1 = +2:7562, as u t i l i z e d ,  obtained by t h e  given d a t a  

ind ica t ed  i n  work (7, Tables 3 and 4 ) ,  

x/ This is the  kind of  mat r ix  S which forms t h e  d i r e c t i n g  cosigns form of 
r i g h t  s tellar 
, where t = S 

e a r t h  system), ' 

"W 2 



The r e s u l t s  of a l l  c a l c u l a t i o n s  by formula 7 ,  t h a t  i s ,  t h e  d i r e c t i n g  

cosigns m, n ,  p of observed d i r e c t i o n s  o f  t h e  s a t e l l i t e  are presented i n  

Table 2 i n  columns 7,  8 and 9. 

5. determinat ion annle quasi-geocentric coordinates  & 

satel l i tes  f o r  a l l  moments of synchronous observat ions.  

of f o u r  observat ion s t a t i o n s  (Table 1) i n  t h e  d i r e c t i n g  cosigns m, n, p 

The coord ina te s  -- 

(Table 2)  f o r  t h e  s a t e l l i t e  from these  s t a t i o n s  f o r  t h e  synchronous obser- 

v a t i o n  moments i n  one and t h e  same coord ina te  system of a quasi-geocentr ic  

e a r t h  i s  s t r i c t l y  p a r a l l e l  t o  a geocen t r i c  system f o r  t h e  obse rva t ion  epoch 
b 

of 29 October 1963. This gave t h e  p o s s i b i l i t y  of determining f o r  a l l  66 

synchronous moments, r i g h t  ang le  coordinates  of t h e  satel l i tes  xc, y , z 

i n  t h e  same system. 
c c  

The c a l c u l a t i o n s  were performed f o r  a l l  i n s t a n c e s  (with 

observat ions from 2 ,  as w e l l  as 3, s t a t i o n s )  where t h e  s i n g l e  system of 

formulas corresponding t o  t h e  method ind ica t ed  i n  t h e  a r t i c l e  (9) .  The 

u t i l i z e d  method gives  t h e  p o s s i b i l i t y  o f  d i r e c t l y  expressing t h r e e  normal 

equat ions f o r  more probable d e s i r e d  va lues  of xC, yc, z u t i l i z i n g  from 

t h e  obtained observat ions t h e  d i r e c t i n g  cosigns m, n, p and a l s o  s t a t i o n  

C’ 

coordinates  (no matter what t h e i r  number) which t a k e  p a r t  i n  t h e  given 

synchronous observat ions.  I n t e r p r e t i n g  i n  geometr ical  terms t h e  obtained 

r e s u l t s ,  i t  can be  s t a t e d  t h a t  t h e  p o s i t i o n  of t h e  sa te l l i t e  is  determihed 

by t h e  p o i n t  i n  space f o r  which t h e  sum of t h e  squares  of t h e  l eng th  o f  

t h e  perpendiculars ,  dropped t o  the  l i n e  of t h e  observed d i r e c t i o n s  (not 

i n t e r s e c t i n g  i n  one p o i n t  as a consequence of  e r r o r s  of t h e s e  same 

* observat ions taken as a s t a t i o n  coordinate)  w i l l  be minimal. After 

determining xc j  yc, zc i t  is  easy t o  c a l c u l a t e  l eng th  d of t h e  ind ica t ed  

perpendiculars  and t h e  topocen t r i c  d i s t a n c e  t o  t h e  sa te l l i t e ,  Evident ly ,  



r e l a t i o n  d p re sen t s  angu la r  c o r r e c t i o n s  t o  the observed d i r e c t i o n s  o f  

t h e  satel l i tes ,  necessary f o r  t h e  i n t e r s e c t i o n  o f  t hese  d i r e c t i o n s  t o  t h e  . 

p o i n t  w i t h  t h e  obtained coordinates  o f  t h e  adjustment xc9 yc, z a 

q u a n t i t i e s  p re sen t  i n t e r e s t  as s u b s t a n t i a l  c h a r a c t e r i s t i c s  of accuracy i n  

3"" 

I 

E These 
C 

a given system o f  synchronous obse rva t ion  ( in  t h i s  case w i t h  SA0 po in t s ,  

Baker-Nunn instruments and Midas 4 s a t e l l i t e ) ,  

A l l  of t h e  coord ina te s  of  t h e  s a t e l l i t e  determined by t h e s e  above 

descr ibed methods are"shown i n  Table 2 ,  Column 10. The c a l c u l a t e d  quan- 

t i t i e s  f o r  each obse rva t ion  l eng th  d e q u i l i b r a t i n g  t h e  perpendiculars ,  

demonstrated a d i s t a n c e  from 2 t o  74 meters wh i l e  t h e  t o p o c e n t r i c  d i s -  

tances  from 3.5 t o  9.5 thousand ki lometers .  Angular c o r r e c t i o n s  

, are expressed i n  seconds of arc where i n  t h e  l i m i t s  of O!'I t o  

4!'0 while  t h e  average from t h e  170 va lues  of t h e s e  c o r r e c t i o n s  has a 

q u a n t i t y  o f  I'!I from t h e  mean a r i t h m e t i c a l  t o  t h e  a b s o l u t e  d e c l i n a t i o n s  

of s e p a r a t e  values  equal  t o  0'16. 

I n  column 2 of  Table 2 are g iven  q u a n t i t i e s  which equal  t h e  squa re  

r o o t  from t h e  t o t a l  squares  of t h e  coord ina te  e r r o r s  x c' Ycr z c obtained 

from t h e  deduction o f  t h e s e  coordinates  by t h e  method of lesser squares .  

This q u a n t i t y  t o  a c e r t a i n  e x t e n t  c h a r a c t e r i z e s  t h e  accuracy of t h e  

satel l i te  p o s i t i o n  der ived from these  f i g u r e s .  

6 .  

of  t h e  

x , yc, z 

any d a t a  of  t h e  elements of i t s  o r b i t ,  

examined problems (determinat ion of coord ina te s  9 mas3 c e n t e r  

of  t h e  e a r t h  two elements are considered: 

The p e r t u r b a t i o n  determinat ion of d e c l i n a t i o n  i -- and t h e  longi tude 

node of t h e  satell i tes.  The coord ina te s  of t h e  sa te l l i t e  

are deduced d i r e c t l y  from t h e  synchronous observat ions without  

--- _.- 

C C 

However, i n  b a s i c  adjustments o f  

d e c l i n a t i o n  i and longi tude of  
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node , which are regarde as unknowns belonging t o  a c e r t a i n  series 

I w i t h  q u a n t i t i e s  9 9 . These elements t o  t h e  e x t e n t  of t h e  

i 

t 

I e n t i r e  l eng th  of t h e  "chain" of t h e  u t i l i z e d  observat ions (here  26.5 

minutes) change somewhat following va r ious  perturbations,gbasically from 

t h e  g r a v i t a t i o n a l  p o l e  of t h e  e a r t h .  So as n o t  t o  i n c r e a s e  t h e  q u a n t i t y  

o f  unknowns i n  t h e s e  b a s i c  adjustments,  it follows t o  t ake  i n t o  account 

t h e  changing of t h e s e  p e r t u r b a t i o n s  between each s e p a r a t e  observat ion i n  

t h e  whole "chain." This c a l c u l a t i o n  i s  more expedient t o  achieve,  u t i l i z -  

i n g  not  a n a l y t i c a l  formulas, b u t  methods of  computational i n t e g r a t i o n .  III 

t h e  c a p a c i t y  o f  i n i t i a l  values of  t h e  coord ina te s  and v e l o c i t i e s  of t h e  

satel l i te ,  i t  was necessary t o  make such an i n t e g r a t i o n  f o r  t h e  conduction 

of such a n  i n t e g r a t i o n ,  c e r t a i n  values  were taken c a l c u l a t e d  by t h e  approx- 

imated elements o f  t h e  s a t e l l i t e  obtained d i r e c t l y  by coord ina te s  xc, ye, 

z of t h e  satel l i te ,  shown i n  Table 2. This  c a l c u l a t i o n  was  conducted by 

known formulas of  t h e o r e t i c a l  astronomy (10) wi th  u n i t s  of t o l e rance ,  

which i n d i c a t e  t h a t  t h e  coord ina te s  are geocen t r i c .  Computational i n t e -  

g r a t i o n  was  conducted on an IBM BESM-2 method, descr ibed i n  d e t a i l  i n  work 

(2). The i n t e g r a t i o n  s t e p  equal led 0.5 minutes,  I n  t h e  g r a v i t a t i o n a l  

f i e l d  of t h e  e a r t h ,  a l l  harmonics w e r e  taken i n t o  account (zonal and tessral) 

+ 

C 

t o  t h e  f o u r t h  o r d e r  i n c l u s i v e l y  and besides  t h a t ,  t h e  zonal harmonics of __- @ 

t h e  f i f t h  and s i x t h  o r d e r  t o  a t o t a l  o f  23 harmonics, The va lues  o f  t h e s e  

harmonics were obtained from t h e  d a t a  given i n  Standard Ea r th  S5 (5, page 2)* 

I n  t h i s  work were obtained corresponding p e r t u r b a t i o n s  of a l l  elements i n  

coord ina te s  of t h e  sa te l l i t e  extending throughout t h e  pe r iod  of t h e  u t i l i z e d  

observat ions,  i n  t h a t  number of p e r t u r b a t i o n s  of  element 

were necessary f o r  t h e  problem which posed a t  t h a t  t i m e ,  

and i, which 

These p e r t u r b a t i o n s  
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i n  r e l a t i o n  t o  the  va lues  of the  elements which t h e  sa te l l i t e  possessed 

i n  a c e r t a i n  average moment of  a l l  observa t ions  

are presented i n  Table 3 f o r  each o f  t h e  66 observa t ions  of t h e  sa te l l i te  

p o s i t i o n s .  For unknown values  of and i' i n  a given moment S' f o r  later 

composition of b a s i c  adjustments  of t h e  problem, the  fol lowing approximations 

of t he  q u a n t i t i e s  are taken 

of c o r r e c t i o n s  i n  which and i are two o r  f i v e  unknowns ( the  

o t h e r  t h r e e  ¶ 9 ) e n t e r i n g  i n t o  each of t h e  b a s i c  adjustments 

of t he  examined problem. 
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Table 3 

Perturbation of  dec l inat ion i and longitude of node 

gravi tat ional  pole  o f  earth,  

from the 

', i 

&' 
___rl_ 

+ 50°x160 
t 60 

+ 70 ~ 

* 80 
+ 90 

t101 

t111 

+331 

e345 

+359 

t373 

,388 

402 

A17 

*432 

+ 4 4 6 .  

e7 39 

,756 - 

* >  

Ji 
+ WoxlQ" 

+ 862 

+ 880 

+ 899 

+lZ01 . 
+1120 * 

4139. *' 

t1159 

+ll78 

+1197 

+1216. 

+1235 . 

+I393 

t141) 

+143) ' 

+I453 

t1473 . 
*I493 

*I513 

,1533 

6x553- 

b1573.  ~ 

. .  

Hi - 
23 

24 

25 

26 

27 
28 

29 

30 

31 

32 

33 

yc 
35 

36 

37 

38 

39 

48 

41 

42 

43 
4.4 

JJZ 
____b 

+ 15°z104 
17 ., 

t116 

,122 

,128 

+I35 

,142 

,148 ' 

,155 

b162 

,168 

,328 

*339 

63 *923 . . ,  
64 +g42 I '  

) -  

65 4961 ' 

66 +gel :, , .  
I . .  . -  

CUI. 

.-,. 
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Basic equat ions f o r  t h e  determinat ion mass-center of e a r t h ,  7 .  - 
Resul t s .  

fol lowing.  

system of coord ina tes  ( l e f t )  has t h e  form 

The theory  of  t he  examined method c o n s i s t s  b r i e f l y  of  t h e  
X /  

The plane equat ion  of t h e  s a t e l l i t e  o r b i t  i n  a geocen t r i c  
I 

S t r i c t  geocen t r i c  coord ina tes  of sa te l l i t e  X,  Y,  2 are connected 

wi th  observa t ions  of quas i -geocent r ic  x, y, z r e l a t i o n s  (with both 

systems i n  p a r a l l e l )  
. 4  

- f i_ = f 43.. L ---1 

I = Y + ? *  - _ _  
- -  * z = s + g +  -_- _ _  (20) 

where ¶ - r ep resen t  coord ina tes  of t he  mass-center of  earth 

i n  the  u t i l i z e d  quas i -geocent r ic  system. 

given moment o f  s tellar Greenwich times are 'expressed  as 

The va lue  of and i a t  a 

, _  

+ . 

where , i' are t h e  approximated va lues  f o r  a c e r t a i n  moment S ' ,  
0 

9 i of t h e  des i r ed  c o r r e c t i o n s  of  t h e s e  va lues ,  9 i 

are t h e  pe r tu rba t ions  dur ing  the  i n t e r v a l  of  t i m e  S - S ' ,  c a l c u l a t e d  from 
I 

t h e o r e t i c a l  concepts ,  S u b s t i t u t i n g  20 and 2 1  i n  19 and f i g u r i n g  

i '  ¶ 9 a b  l e s s e r  q u a n t i t i e s ,  we o b t a i n  t h e  fol lowing form 

of b a s i c  equat ions  of t h e  examined problem w i t h  f i v e  unknowns. 

The c o e f f i c i e n t s  and t h e  f r e e  member of  t h i s  equat ion are c a l c u l a t e d  

x/ More d e t a i l e d  explana t ion  is given i n  works (2). 
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by t h e  fol lowing formulas,  where a l l  q u a n t i t i e s  are knownr 

( 2 3 )  ; 

Data presented i n  previous paragraphs of numeral r e s u l t s  of processing * 

t h e  observa t ions  of sa te l l i t e  Midas 4 made i n  29 October 1963 a l low t o  

compile 66 equat ions of form 22. Coe f f i c i en t s  a, b,  

f r e e  member 1 of t h e s e  equat ions are presented i n  Table 4. Unknowns 

, bJ and t h e  

e . "z ' 5  I are expressed as seconds of a r c ,  while  t h e  unknowns 

i n  meters .  Natura l ly ,  from one observa t ion  of t h i s  "chain" of t h e  unknowns 

Y Y which i n t e r e s t  u s 9  cannot be  obtained s e p a r a t e l y ,  since t h e  

c o e f f i c i e n t s  w i th  t h e s e  unknowns extending t o  a l l  66 equat ions do not  

change much, A s l i g h t  change and occurs  only a f t e r  t h e  t u r n  of 

e a r t h  f o r  a l l  i n t e r v a l s  of observa t ions  a t  a n  ang le  approximately 6?6. 

t h e  de te rmina t ion  of t hese  unknowns i t  requ i r e s  a j o i n t  p rocess ing  of t h e  

%hains" of observa t ions  of o t h e r  sa te l l i tes  wi th  o t h e r  d e c l i n a t i o n s  and 

- - .e 
For 

wi th  d i f f e r e n t  p o s i t i o n s  of t h e  body of t h e  e a r t h  i n  r e l a t i o n  t o  t h e  p l a i n  

o f  the  sa te l l i t e  o r b i t ,  With obta ined  equat ions  f o r  Midas 4, only t h e  

a n a l y s i s  of  approximate va lues  of t h e  t o t a l  members 4- + 

. . . __.". _. ... ̂ , . .. . . ... . .  . . __"ll .._. .,. __ . . . 
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can be made i n  equation 22. This united a l l  of the  terms i n  a l l  66 

equations into  one unknown 

Table 4 

Coeff ic ients  and free  member of basic  adjustments 

- 
vi? - 
1 
2 
3 
4 
5 
6 

7 
8 
3 
10 
1 1) 
12 

13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 - 

a 
46.20152 
46.26195 
46.32216 
G.37984 
46.43728 
46.49456 

46.54089 
6.60257 
47.19862 
47.16148 
47 a 12367 
47.03330 

47.04265 
47.00012 
6.95651 
46.91172 
46~66514 
46.81833 

46.76960 
46 e 7  1978 
45.96033 

45.82545 
45.75621 

45.68547 

45.54052 
45.46668 

43.03119 

43.7 3360 
43.63495 
43.5365 
43.41328 
43* 33099 
63.22730 

45.89366 

45.6 1323 

45.39124 

A 

G 
.12.45516 
12.21557 
11.97618 
11.73624 
11.49602 
11.25560 

11s01465 
10,77364 

0 6.928236 
7.173368 - 7.417824 - 7.662310 

- 7.906406 
- 8.394241 - 8.437609 - 8.881213 - 9.124124 
* 9.366835 
9.609570 

-12.73813 

- 8.150256 

-12.97654 
-13.21474 
-13.45239 

-13.69009 
-13e9TtOO 
-14.16356 
-14.40010 
-14.63599 
-18.8l050 

-19.03824 
-19.26513 
-19.49169 
-19.71165 

-20. L6826 
-19r94334 

I .  

oc 
-0.95069 
-0.95086 
‘-0.95103 
-0.95120 
5.95137 
-0.95154 

-0.95171 
-0,951 88 
-0.96318 
-0.96332 
-0.96346 
-0.96361 

-0.96375 
-0.96390 

-S.96418 
-0.96433 
-0.96447 

-0.96461 
-0.96475 
-0.96656 
-0.96670 
-0.96684 
-0.96697 

-0.96711 
-0.96724 

-0.96404 

-0.96730 
-0996.752 
-0- 96765 
-0.97002 

-0.97oi5 
-0.97028 

4097053 
- 0 6  97066 
-0.97w,? 

4 - 9 7 w  

- 

f i  
0.29287 

0.29176 
0.29120 
0.29065 
0.29009 

0.28954 
0.28098 
0.24876 
0.24820 
0.24764 
0.24708 

0.24651 
0.24595 * 

0.24539 
0.24483 
0.24426 
0.24370 

0.24314 
0.24258 
0.23525 
0.2%9 
0.23412 
0.23356 

0.29231 

0.23300 
0.23243 
0.23187 

0.23074 
0.23130 

0.22057 

0.22000 
0.21944 
0.21867 

0.21774 
0.21717 

0.21830 

d 
4.10204 
-0.10204 
-0.10204 
-0.10204 
-0.10204 
-0.10204 

4.10204 
-0,10204 
4.10204 
-0.10204 
-0.10204 
-0.10204 

-0.10204 
-0.10204 
-0.10204 
-0.10204 
5.10204 
-0.10204 

5.10204 
5.10204 
-0.10204 
-0.10204 
-0.10204 
-0.10204 

-0.10204 
-0.10204 
-0.10204 
-0.10204 
-0.10204 
-0.1020~ 

-0.10205 
5.10205 
-0.10205 
9.10205 
4.10205 
4.10203 

. .  

’ 



(Table 4 continued) 

- 
w 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 

49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 

- 

- 

Q 

43.122% 
43.01681 
40.91970 
40.79:18 
40.66487 
40.53569 

40.40577 
40,27439 
40.14201 
40.0Od78 
39.87435 
39.73902 

38.18014 
38- 03215) 

37.73352 
37.58254 
37- 43091 

37 * 27 81 3 

37 e a8323 

37.12422 
35.85887 
35.63627 
35.53312 
35.36868 

35.20327 
35.037% 
3% 86989 
34,70181 
340 53291' 
9.36319 
.L.II.M.y 

b .  
-20.39248 
-20.61609 
-24.54685 
-24.75955 
-24.97137 
-25.18265 

-259 39 301 
-25. 60292 

-26.02051 
-25.81213 

-26.22844 
-26,43554 

-28.66655 
-28.86471 
-29.06220 
-29 * 25903 
-29.45494 
-29.65019 

-29.84504 
-30.03844 
-31.55896 
-31 7 45 34 
-31.93103 
-32,11564 

-32.29906 
-32.48228 
-32.66434 
032.84558 
-33r02585 
-33620555 

oc 
-0.97091 

-0.97325 
-0.97337 
-0.97349 
-0.97361 

-0.97373 
-0.97385 
-0.97397 
-0.97408 
-0.97420 
-0.97432 

-0.97559 
4.97570 
-0.97581 
-0.97592 

-0.97615 

-0.97626 
-0.976% 
4.97725 
-0.97736 
-0.97746 
-0.977.57 

-0.97768 
;-o * 9777 9 
-0,97789 
- 0 4  97800 
10,97810 
4 97821 

-0.97104 

-0.97604 

c 

/3 
0.21660 
0.21604 
0.20583 

0.20470 
,0.20413 

0.20356 

0.20243 
0.201 86 
0.20129 
0.20072 

-0.19447 
Q.19390 
0.19333 
0.19276 
0.19219 
0.19162 

0.19105 
0.19048 
0.18593 
0 4  18536 
0.18478 
0.18422 

0.18365 
0.18308 
0.18251 
0,18194 
Oel8lfl 
Or 18080 

0.20527 

0.20299 

- 
I * .  
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This changes t h e  f a c t u a l  value of 9 by t h e i r  average 

values  9 9 i n  a l l  of t h e  adjustments,  which are obtained 

by values  of 

- -  .......................... _. . . . . .  - . .  

I n  t h i s  manner w e  o b t a i n  66 equat ions as with 3 unknowns 4 

i '  and t h i s  i s  solved by t h e  method of lesser squares  
I 

( t ak ing  i n t o  cons ide ra t ion  a l l  66 equat ions i n  the  form of 22) 

= -I- 21.5 m. with average e r r o r  t h e  u n i t  weight - 
The small va lue  of q u a n t i t y  demonstrates t h a t  t h e  coordinate  

system S5, taken f o r  t h e  observat ion p o i n t s ,  is  r a t h e r  c l o s e  t o  t h e  geo- 

c e n t r i c  system, wh i l e  t h e  average e r r o r  of t h i s  q u a n t i t y  t h a t  i s  tri- 

member one (24) which permits  t h e  expec ta t ion  t h a t  with t h e  u t i l i z a t i o n  

of s e v e r a l  similar "chains" of observat ions which i n t e r s e c t  i n  t h e  c e n t e r  

mass of e a r t h ,  g ives  a n  opportuni ty  t o  determine s e p a r a t e l y  t h e  r equ i r ed  
". 

coordinates  9 9 with a n  accuracy of several t e n s  of meter and 

perhaps less than t h a t .  

The obtained b a s i c  r e s u l t s  of  t h e  coord ina te s  of 66 s a t e l l i t e  p o s i t i o n s  

may be  u t i l i z e d  i n  o t h e r  ways-as- in  t h e  problem of t h e  mass c e n t e r  of e a r t h  

as well as for o t h e r  purposes,  Therefore,  i n  t h i s  work t h e s e  r e s u l t s  are 

presented i n  proper d e t a i l .  



Annex 1 
Per tu rba t ion  in f luence  of p o l e s  i n  p e o c e n t r i c  coord ina te s  ef p o i n t s  on t h e  

s u r f a c e  o f  e a r t h ,  

- 

-- 
I n  t h e  a u x i l l i a r y  sphere (Figure 2 )  p o i n t s  2, and Z r ep resen t  t h e  

. 1:f 

I ..$ 
1 

d i r e c t i o n  of t h e  no r the rn  p o r t i o n  of a x i s  r o t a t i o n  of  e a r t h  i n  t h e  i n i t i a l  

To epoch and i n  t h e  given epoch T, wh i l e  p o i n t  M i s  t h e  d i r e c t i o n  of t h e  
t 

J ,  
I perpendicular  l i n e  of t h e  Greenwich observatory,  Pulkovo and Washington, 

d 

.rs, 

t h e  l a t i t u d e  of which w i l l  be designated as and . In  t h e  l i n e s  of 5 

equator  ACoB and ACB corresponding t o  t h e  i n d i c a t e d  epochs are d i s t r i b u t e d  

imprints  of  Xo, Yo and X. I n  t h e  e a r t h  geocen t r i c  coordinates  of t h e  

a x i s ,  t h i r d  a x i s  of a x i s  which are d i r e c t e d  t o  p o i n t  Zo and Z. For t h e  

sake of g e n e r a l i t y  we w i l l  assume t h a t  axis  Xo and X are s h i f t e d  t o  a cer- 

t a i n  ang le  ( t o  t h e  east) from t h e  meridians MN and MN, The p o l a r  

s h i f t  from Zo t o  Z i s  cha rac t e r i zed  by q u a n t i t e s  s and 8 ,  

wi th  po in t  Z i s  a u x i l l i a r y  i n  f u r t h e r  computation. 'Ihe problem c o n s i s t s  

0 

The ang le  

i n  t h e  determinat ion of  r e c i p r o c a l  d i s t r i b u t i o n  of t r i hed rons  of X Y Z  axis 

and XoYoZoe 

s Designating = + and = + , w e  o b t a i n  
t 

From t h e  t r i a n g l e  
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Furthermore from t r i a n g l e  ZZoM we o b t a i n  
, 

S t b ~ ~ . . p c o $ S  8 th  i& +Sins COS COS 

C Q S . F S k  *cos 70 szi, 8, 
* eos cas y -=sins sri, +cosscos $ COJ 

. -  . - _  

which i n  concept so lves  t h e  posed problem, By , s ,  8 from (2) i e  

determined t h e  a u x i l i a r y  angles  

a l l  q u a n t i t i e s  a r e  known, 

small q u a n t i t y  of t h e  s h i f t  of po le  x and assume 

, a f t e r  which i n  t h e  equat ion  (1) 

However one can ignore  t h e  square  of t h e  

(3)  s i n  s = s,  'cos s = 1, 

af te r  which we o b t a i n  

ajjv 111 sine? +$fg$q#SritO CDS 0 . 
( 4 )  

_- 
~ O S  y/  * COS O -stg 9 ~ t i ,  Q s ; ~  @ 

_ * _ .  

s u b s t i t u t i n g  i n  equat ion  (1) q u a n t i t i e s  (3) and ( 4 ) ,  we f i n d  

in t roducing  f o r  t h e  p o s i t i o n  of t h e  s h i f t i n g  po le  t h e  des igna t ions  

= s cos (0 + ) i n t o  p lane  Z Xo t o  t h e  south ,  

= s s i n  (0 + 8) perpendicular ly  

0 

t o  .the west,  ( 6 )  

e rpend icu la r ly  t o  meridian 2, M t o  t h e  D 

west, w e  o b t a i n  t h e  l a t i t u d a l  ma t r ix  presented  i n  formula (3 ) ,  
- , I  

ill. 
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I 
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Annex 2 

Precessions in f luence  on coord ina tes  and anpular  cosigns i n  a s te l la r  

___.- 

coord ina te  system 
- -  

Poin ts  Zo, yo, Zo c h a r a c t e r i z e  i n  t h e  a u x i l i a r y  sphere  (3) t h e  d i r e c -  

t i o n  of t h e  Coordinate axis of t h e  s te l la r  geocen t r i c  coord ina te  systems 
- 

f o r  t he  i n i t i a l  epoch T . 
t o  t h e  p o i n t  of t h e  v e r n a l  equinox 

90' t o  t h e  east from t h e  axis 'j; e 

precess ion  f o r  c e r t a i n  epochs r ep resen t s  po in t s  X1, Y1, Z 

Z1 and 'ii 

verna l  equinox, 

Axis 'z is  d i r e c t e d  toward the  pole ,  axis Xo 
0 0 

of t h i s  epoch, whi le  a x i s  Yo a t  

A change p o s i t i o n  of t h e  axis a f t e r  
0 - - -  

where axis 
1 - 

are d i r e c t e d  i n t o  corresponding and f i r s t  po in t  of , 1 
The e n t i r e  axis system i s  t h e  average f o r  epoch i n  

absence of t h e  t r u e  one which i s  obtained i f  n o t a t i o n  i s  taken i n t o  account.  

The r e c i p r o c a l  d i s t r i b u t i o n  of t h e  axis of two coord ina tes  is  cha rac t e r i zed  

by the  fol lowing va lue  of 9,  are a l l  func t ions  of  3 ang le  z ,  

which are found i n  t h e  f i g u r e .  

From t h e  t r i a n g l e  

U t i l i z i n g  these  values, we obtained a precess ion  matrix P co r rec t ed  i n  

formula 8 ,  
* 
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Nutation in f luence  on coord ina te s  angular  cosign i n  a s te l la r  

coord ina te  system. 

I n  Figure 4 t h e  given epoch T, po in t  E is t h e  e c l i p t i c a l  po le  and 

are t h e  average s te l la r  system of coord ina te s ,  AB e c l i p t i c .  

whereby a x i s  2, is d i r e c t e d  t o  t h e  average pole ,  2 
of t h e  v e r n a l  equinox f o r  t h e  f i r s t  p o i n t  of 

El 7, z, 
t o  t h e  average po in t  

t o  t h e  east. 

i s  t h e  d e c l i n a t i o n  of t he  average equator  t o  t h e  e c l i p t i c ,  

1 
0 , Yl t o  90 

I - -  

X Y 2 is t h e  corresponding multivenous s te l la r  system of coord ina te s ,  

t h e  p o s i t i o n  of which is  completely determined by t h e  element o f  n u t a t i o n  

is t h e  n u t a t i o n  i n  t h e  long i tude  

is t h e  d e c l i n a t i o n  n u t a t i o n  , -  
and 

whi l e  t h e  axis % d i r e c t e d  t o  t h e  t r u e  p o i n t  of t h e  v e r n a l  equinox 

= t h e  arc of  E 2 of t h e  d e c l i n a t i o n  of multivenous equator ,  

. 
Introducing i n t o  t h e  t r i a n g u l a r  5: E zl, t h e  a u x i l i a r y  q u a n t i t i e s  K 

and f ,  we  determined then by t h e  formulas 

- .  

. 5 ,  c I CQSYS c c l r s E c c a s ~ i S Z h & J O h ~ ~ ~ ~ ~ ,  

s i f igsi i f  ,= s r i , ~ s i n ~ ) u i  (1) 

& g 6 a i r &  - sti? zeos c d E  
.- - 

A f t e r  which t h e  cosign of t h e  ang le s  between t h e  axis are e a s i l y  

determined i n  t h e  i n d i c a t e d  system of coord ina te s ,  
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From t h e  t r i a n g l e  

I 

S u b s t i t u t i n g  t h e  va lue  (1) t h e  matrix n u t a t i o n  of ma t r ix  N i n  t h e  form 

presented i n  Formula (12). 

I f  we ignore the  squares of smaller q u a n t i t i e s  and 

then t h e  n u t a t i o n  matrix with s u f f i c i e n t  f o r  a series of problems of 

approximation we can  p resen t  t h i s  i n  t h e  fol lowing form 

Where. cos r is t h e  n u t a t i o n  i n  a d i r e c t  ascendant 

s i n  f i s  n u t a t i o n  i n  t h e  d e c l i n a t i o n s .  
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e 

Figure 4 



I n i t i a l  r e s u l t s  from observat ions of s a t e l l . i t e  Midas 4 ,  29 October 1963 Table 2 

b 3ae3nnas cwrrem 1950.0 

- . .. . .- . .  . . . .  - . . .  ._ . - ..\ . I .  

1 w 
0 
I 

1. Time; 2. Observation p o i n t s ;  3. Cosigns d i r e c t i o n  ( sa t e l l i t e  obse rve r ) ;  
4, Ear th  system 1950.0; 5. Ea r th  system 1963; 6. S a t e l l i t e  coordinates  
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